A-4-1 wavelength; repetition rate for each wavelength was 90-1OO Hz. UV transmitLing windows were purged with a rare gas to prevent deposition on them. Surface reaction photons, whose role is described herei-n, were provided by folding back the portlon of the beam transmi_tted t,hrough the cell. A substrate heater capable of heating up to 500oC was used during the deposition of dielectric films.
Introduction
There exists a need for low-temperature semi_-conductor fabrication processes to minimize wafer \^/arpage, dopant redistribution, and defect generation and propagation.l Moreover, f11m deposlti-on over photoresist for applicaEions such as tri-level resists for high-resolution lithography and direct patterning via lift-off is desj_red at temperatures below tu200oc (above which resist degradatior, o."rrr").2 In this work we discuss a new 1ow temperature, high deposition rate (up to 2500 A/rnin) film growth technique which uses an excimer laser to photolyze gas-phase reactants whose products condense and form the desired film. This techni-que has been used to deposit dielectrj.c films of SiOr, Si*Ny, and A1203, and conducting films of 41, Cr, Mo, and W. The properties of these films are reviewed and compared to conventional deposition techniques.
Experigental Apparatus A Lumonics 860T excimer laser provi_des ultraviolet photons in a beam of rectangular cross section which is down-colli_mated to a cross-secti.onal area of 12 x I.5 mm for paral1el deposi_tion, as shor.m in Figure 1 , or is expanded usj_ng a negative lens to deposit over large areas during perpendicular j.rradiation. The insulating fifuns in this work were deposited using a wavelength of 193 nm (ArF* transition) while the metallic films were deposited using either 193 nm or the 248 nm (frn*) DeposiEion showed <L/cm' and a 4000 A photox SiO, film had 1 to 5 per square centimeter. In the laser CVD approach conformal step coverage is achieved over a wide range of deposition conditions. Figure 4 shows Si.O., (n"6500 A thick) photodeposited over a o1 4000 A polysilicon step which was patterned over an oxidized si-1icon wafer which has been reported tL elsewhere.' It should be noted the rough surface atop the step is due to the underlying poly-Si while the even morphology of the oxide is retained below the step, over smooth oxidized Si wafer.
Silicon nj-Cride has also been deposited using laser-induced CVD using the reaction in equation (2) . The conditi-ons for deposition are similar to the two techni-ques under comparison and to those of the SiO, deposition process discussed above (Table lb) . A notable difference is that a lower concentration of ammonj-a is required since its absorption cross section_is n,103 higher than nitrous oxide at 193 nm.r Deposition rate is still much higher than that of plasma or mercury sensit.ized reactions.
Again the photodeposited films have comparable physical properties (i.e., adhesion, compressi-ve stress, refractj-ve index, step coverage and stoichi-ometry) as shown in Table 3 . Pinhole densities are comparable to plasma CVD films but superior to photride films. The laser CVD filns lack j-n terms of etch rates; they etch approximat,ely ten times faster than plasma deposited nitrides. However" at the bottom of Table 3 the effect of 1ow-leve1 surface irradiation can be seen. As deposited at 3S0oCrothe laser CVD silicon nitride films ecched at 44 A/sec in 5:1 buffered oxide etch, indicative of a porous or low density fi1m. The etch rate was reduced to 8 A/sec by folding back the transmitted porti-on of the 193 nm dissociating laser beam. The power density on the substrate surface was weak so as to not cause an increase in steadystafe Eemperature. C1ear1y, a surface reaction is occurring but has not been modeled at this time. Refer to Figure 1 for surface photon J-rradiation geometry.
Using this technique, aluminum oxide films were deposited but are not as fu1ly characterized at Ehis tj-me. Conditions for A1203 growth are tabulated in Table lc . As compared to films obtaj-ned by RF plasma deposition, the laser CVD Al.Oo films show comparable adhesion, stress, ZJ stoichiometry, and refractive index. As with the silicon compounds discussed previously, the photodeposited films show higher etch rate (x 10) but have a low pinhole density (none in 5 cm2 for an 1100 A laser CVD filrn versus 36/cm2 for a 2500 i plasma deposited film). The only other major difference known presently is that the photodeposited films have shown up to I% carbon contamination, probably due to dj.ssociation of methyls in the aluminum donor gas. The effect of this irnpurity on the electrical propertj-es is not known at this time.
Deposition of Metals
We have prevj-ously reported laser-induced deposition of refractory metals over sma1l areas (10-4 cm2).6 A" an extension of our earlj-er work we have j.nvestlgated large area (t5 cm2) photodeposition of 41, Mo, W and Cr. Uniform films of these metals were deposited on pyrex and quartz substrates as well as silicon wafers at room temperature. We have examined the resistivity, adhesion, stress, and step coverage of these films.
Plasma assisted CVD of refractory metals occurs as 1ow as 350"C (nm/min deposition rates) for refractory halj-des' bur plasma paramet,ers such as rf power and frequency, gas flow, electrode spacing, total pressure and substrate heating are all interrelated and difficult to control individua1ly. Photodissocj.atj.on occurs only along the path of the laser beam, unlike plasma excitation, therefore there is less impurity generation from the walls due to plasma ion bombardment. Moreover the cracking pattern j.s less complex io photodissoci-ation and hence we have better control and repeatabj-lity of deposition conditions. Our experimental ar.rangement is shown in Figure 1 . A11 substrates were precleaned in HF and dei-onized water prior to deposition. The substrates were held either parallel or normal to the inci-dent laser beam. Either a reservoir containing the carbonyl or a flask of trimethylalumi_nr:m (TMA) was connected to the cel1. For the carbonyls, both the reservoir and the pyrex connecLing tube were heated with a heater tape to 50oC.
The substraEe was first placed into its holder and the ce1l pumped down with a roughl_ng pump to a f ew mi-crons. The laser then i-rradiated the substrate to preclean the surface with the W radiation; this irnproves the adhesion of the deposited films. The vacuum pump was then throctled to reduce the cell throughput and the donor gas introduced into the ce1l. The deposited films appeared as bright silvery films. When the beam was para11el to the substrate, black particulate filrns of columnar growth resulted, as shown in Figure 3 . For this reason., all the films characEerized were obtained at normal incidence. Thick (>1 U) Cr and Mo films deposited at room temperature had a tendency Lo peel when exposed to air. Thj-s could be avoided by heating the substrate to about 150"C during deposition or prior to removal from the cel1. A11 the photodeposired films discussed below were obtained at room temperature.
The purity of photodeposited films was examined by Auger and ESCA analysis. The major impurity in all the films was oxygen (<77.) probably due to the relatively poor vacuum obtained with a roughing pump. l{e hope to reduce this impurity by using an improved depOsition cel1 and a better vacuum system. An attractive result was the relatively 1ow concentration of carbon in these films (Table 4) . The most carbon-free films and the highest deposition rates r^rere obtained using a laser wavelength of 248 nm. But even this low contamination bv carbon can limit the obtainable film resistivity,S These raLes will vary with the laser power, the cel1 pressure, and the size of the area over which the film ls deposited. The film over the 2.5 x 2.5 cnr area was uniform Eo !L5"1. It should be pointed out that the area of deposition can be varied by changing the divergence of the laser beam with a lens; with tight focusi.ng and substrate or beam translation, patterned lines can be deposited.
The adhesion of the photodeposited films was measured. In the case of W, the machine reached its upper limit without detaching the films, while in the case of A1, Mo and Cr, the quartz substrates chipped off before the films were detached. The most adhesive films were deposited usi-ng the 193 nm laser wavelength for photodissociation. Stress measurements of the photodeposited films were made by the substrate bending technique on microscope cover s1ips. A11 the films had tensile stress and none was higher than q) 7 x 10' dynes/cm'; alumj-num showed the lowest amount of stress (1 x 109 dynes/cm2).
The electrical resi-stivj-ties of the deposifed metal films were measured with a four-point probe.
These resistivities are tabulated along with the bulk values of Table 4 . The aluminum had, even with its high carbon content, a resistivity approaching the bulk value. The measured resistj-vities of the refractory metals were not correct.ed for thi-n film effects.
One important quality of a fikn deposition technique is the ability of the deposited film to cover vertical-walled steps.
Step coverage patterns used to check our deposited refractory films were the same as t.hose used to examine SiO, step coverage. The photodeposi-ted refractory metal thicknesses were varied between 0.2 and 0.6U. After deposl-tion, the metal-coated wafers were chilled in liquid nitrogen and then cleaved. Theo step coverage was examj-ned with a SEM. An n Jggg 6 Al film is shown in Figure 4 . It can be seen that the film is of even thickness over the f1aE, as well as the-vertical walls, and clearly demonstrates conformal step coverage, Surface cleanj.ng by transienE heating and UV desorption of surface contamination, in combination with uniform flux of photoproducEs, contributes to the conformal coverage of and the absence of voids under the metal filurs as shown in Figure 5 . The 
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